Crosslinked poly (vinyl alcohol) 
INTRODUCTION
Nowadays, pervaporation has been gaining much attention as an effective membrane technique for separating heat sensitive; close boiling and azeotropic mixtures due to its low energy consumption, benign operating conditions, no emission to the environment, no involvement of additional species into the feed stream and simplicity of the process [1, 3] .
Polymer based pervaporation membranes were So far, poly(vinyl alcohol) (PVA) has been attracting for development of pervaporation membranes for ethanol dehydration [1] [2] [3] [4] [5] [6] [7] [8] . It is due to the inherent hydrophilicity, excellent thermal, mechanical, chemical stability and good film-forming ability of PVA. However, because of the high hydrophilicity, the PVA films is not stable in aqueous solutions, leading to low separation performance of the derived membranes. Therefore, PVA membranes should be modified to offer long-term durability in a pervaporation process. Some Finally, the derived membranes were immersed in 80wt% ethanol solution for 3 h and dried at room temperature for 24 h before pervaporation tests. 
Membrane characterization
The surface and thickness of the PVA selective layers was determined from SEM images by using Scanning Electron Microscopy (S4800, FE-SEM) and digital micrometer (accuracy ± 1 µm, Series 293, Mitutoyo). The chemical structure of the membranes was characterized using ATR-FTIR spectroscopy. The hydrophilicity of the membrane surfaces was investigated using sessile drop water contact angle measurement.
Swelling experiments
The pieces of dried membranes with the dimension of 3×3 cm were immersed in both water and ethanol/water solution of 80/20 wt% at 30 o C for 48h to reach an equilibrium swelling. The swollen membranes were wiped carefully using tissue paper for removing residual solution on the membrane surfaces.
Then, the swollen membranes were weighted by a mass balance (accuracy ± 0.0001 g). The degree of swelling was defined as
Wherein, WS (g) and WD (g) were the mass of the swollen membrane and the mass of the dried membrane, respectively. The data of swelling degree were collected from four replicate experiments.
Pervaporation performance
The separation performance of prepared membranes was investigated for ethanol/water mixture of 80/20 wt%, using a lab scale pervaporation unit. The schematic diagram of the pervaporation setup was illustrated in Figure 2 . For the non-modified membrane, the broad peak at 3000-3600 cm -1 attributed to the hydroxyl group and the peak at 1578 cm -1 was characteristic of acetate group of PVA. For the crosslinked membranes, the intensity of the broad peak at 3000-3600 cm -1 was reduced and the peak at 1578 cm -1 was disappeared. In the spectra of the membrane crosslinked by three dicarboxylic acids, a new small peak at 1725 cm -1 attributed to the ester group was observed as compared to the non-crosslinked membrane [7] . Whereas, the PVA membrane crosslinked with GA exhibited the stretch of 1050 cm to the high affinity of the hydroxyl group with water and hence, the permeation flux was high but the selectivity was insignificant. The results showed that the permeation flux of the crosslinked membranes was lower than that of the plain PVA membrane. The crosslinking in the PVA layer resulted in the rigid structure.
The rigid structure of the polymer chains had less mobility and hence, the solubility and diffusive ability of the water and ethanol molecules were hindered. Accordingly, the crosslinked membranes obtained a lower permeation flux but higher selectivity. For PVA membrane crosslinked by dicarboxylic acids, the permeation flux and separation factor varied with the chemical structure of the crosslinker.
The membrane crosslinked by malic acid showed the highest flux but the lowest separation factor in comparison with that by fumaric and maleic acid due to the higher steric hindrance of hydroxyl functionality of malic acid. Despite having the same carbon double bond, fumaric acid owned trans isomerism with smaller steric hindrance than cis isomerism structure of maleic acid. Therefore, the fumaric acid crosslinked membrane exhibited the lowest flux but the highest separation factor. For crosslinking PVA membrane with GA at ambient temperature, the separation factor was observed to significantly enhance while the flux was declined partially as compared to the plain PVA membrane. 
CONCLUSIONS
The PVA membrane crosslinked with various crosslinking agents was successfully prepared by in-situ crosslinking technique. The results showed that crosslinking PVA membrane improved the separation performance of the resulting membrane. The chemical structure of the crosslinkers affected the physicochemical properties and separation performance of the crosslinked membrane. Particularly, the swelling degree exhibited a significant relationship with the separation performance of the prepared membrane. Moreover, elevating the crosslinking temperature was observed to improve the selectivity, but decrease the permeation flux of the resulting membrane. Crosslinking PVA membrane with dicarboxylic acids at high temperature was found to achieve higher separation factor but lower flux as compared to that with GA. The GA exhibited as a proper crosslinker for modifying PVA membrane due to good flux and good selectivity, while the crosslinking condition was not required high temperature. 
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